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(57) Abstract 



A vector and a prokaryote transformed therewith which includes nucleic acid sequences which make possible the autocatalytic 
deletion of nucleotide sequences encoding an antibiotic resistance phenotype. The prokaryote can be a bacterium, and in particular a 
mycobacterium. Such transformed mycobacteria may be employed in vaccines, thereby eliminating the attendant risk of vaccines including 
antibiotic resistance markers. 
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VECTORS AND PROKARYOTES WHICH 
AUTO CATAL YTI CALLY DELETE ANTIBIOTIC RESISTANCE 

This invention relates to the field of vectors and 
prokaryotes, such as bacteria and in particular to 
mycobacteria, transformed therewith, particularly as they are 
useful as vaccines. More particularly, this invention 
relates to prokaryotes which have been transformed with DNA 
from which antibiotic resistance traits are removed. 

Certain mycobacteria represent major pathogens of man 
and animals. Por example, tuberculosis is generally caused 
in humans by Mycobacterium tuberculosis, and in cattle by 
Mycobacterium bovls, which may also be transmitted to humans 
and other animals. Mycobacteria leprae is the causative 
agent of leprosy. M. ti^»erculosls and mycobacteria of the 
avium- intracellulare-scrofulaceum group (MAIS group) 
represent major opportunistic pathogens of patients with 
acquired immune deficiency syndrome (AIDS) . M. 
pseudotuberculosis is a major pathogen of cattle. 

On the other hand, Bacille Calmette-Guerin, or BCG, an 
avirulent strain of M. bovls, is widely used in human 
vaccines, and in particular is used as a live vaccine, which 
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is protectiv against tuberculosis. BCG is the only 
childhood vaccin which is currently giv n at birth, has a 
very low incidence of adverse effects, and can be used 
repeatedly in an individual (e.g., in multiple forms). In 
addition, BCG and other mycobacteria (e.g., M. smegmatis) , 
employed in vaccines, have adjuvant properties among the best 
currently known and, therefore, stimulate a recipient's 
immune system to respond to antigens with great 
effectiveness . 

It ha6 been suggested by Jacobs et al. , Nature, 327: 
(€122) : 532-535 (June 11, 1987) that BCG could be used as a 
host for the construction of recombinant vaccines. In other 
words, it was suggested to take an existing vaccine (in this 
case against tuberculosis) and expand its protective 
repetoire through the introduction of one or more genes from 
other pathogens. Because BCG vaccines are administered as 
live bacteria, it is essential that any foreign antigens, 
polypeptides, or proteins expressed by the bacteria are not 
lost from the bacteria subsequent to vaccination. 

Transformation, the process whereby naked DNA is 
introduced into bacterial cells, has been carried out 
successfully in mycobacteria. Jacobs et al. (1987), 
hereinabove cited, have described transformation of 
mycobacteria through chemical methods , and Snapper et al . , 
PNAS, 85:6987-6991 (September 1988) have described 
transformation of mycobacteria by electroporation. 
Electroporation can give from 10* to 10* transf ormants per fig 
of plasmid DNA and such plasmid DNA' s may carry genes f r 
resistance to antibiotic markers such as kanamycin (Snapper, 
et al 1988) to allow for selection of transformed cells from 
non-transformed cells. 
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Jacobs et al. (1987) and Snapper et a^ (198€) have also 
described the us of cl ning vehicles, such as plas m ids and 
bacteriophages, for carrying gene6 of interest into 
mycobacteria . 

Combination of the above -mentioned techniques, along 
with standard tools of molecular cloning (e.g., use of 
restriction enzymes, etc.) allows the cloning of genes of 
interest into vectors and introduction of such genes into 
mycobacteria. To express these genes, it is important to have 
available signals for gene expression, in particular, 
transcription promoter elements . Such promoter elements have 
been isolated from mycobacterial heat shock genes, and used 
to express foreign antigens in mycobacteria. 

There are, however, relatively few selectable markers 
for the transformation of mycobacteria and many of the 
antibiotic resistance methods that are useful for the fast- 
growing mycobacteria, such as, for e xamp le, M. smegma tis , are 
unsuitable for the slow-growing mycobacteria, such as M. 
bovis BCG, because many of the antibiotics themselves are not 
stable for the long periods of incubation required for 
growth of the organisms. In addition, the presence of 
antibiotic resistance genes in live bacterial vaccines, such 
as BOG vaccines, is undesirable because these genes may be 
transmitted to other bacteria present in the host, whereby 
such bacteria become resistant to the antibiotic. 

It is therefore an object of the present invention t 
provide transformed prokaryotes, such as transformed 
mycobacteria, that do not retain antibiotic resistance genes 
used as selectable markers, and to provide vaccines employing 
such organisms . 
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Thus, in one asp ct the invention provides a vector 
comprising a nucleotide s quenc encoding an antibiotic 
resistance phenotyp flank d by res sites. This v ctor can 
further comprise a nucl otid sequenc enc ding an attP site 
and a nucleic acid sequence encoding integrase. The vector 
can further comprise a nucleotide sequence encoding 
resolvase, particularly -yfiresolvase. Preferably this vector 
also comprises a promoter controlling the transcription of 
the resolvase coding sequence, particularly a mycobacterial 
promoter such as a heat shock promoter. For use in th 
production of a vaccine, for example, the vector can further 
comprise a nucleotide sequence encoding a heterologous 
antigen. In a particularly preferred embodiment of this 
aspect the vector comprises nucleotide sequences encoding an 
attP site, integrase and resolvase. 

Another related aspect of the invention provides a 
prokaryote transformed with the above vector and which 
expresses resolvase. Preferably the prokaryote is a 
mycobacterium and preferably has an attB site-containing 
chromosome. Particulary preferred are mycobacteria selected 
from the group consisting of Mycobacterium bovis-BCG , M. 
smegmatis, M. avium, M. phlei r M. fortuitum, M. lufu, M. 
paratuberculosis, M. habana, M. scrofalaceum, M. leprae, and 
M. intracellulare. 

In another embodiment of thi6 aspect, the prokaryote 
expresses -^resolvase, and is again preferably a 
mycobacterium, particularly one which has an attB site- 
containing chromosome. The above-identified group of 
mycobacteria are particularly preferred. This embodiment 
particularly contemplates a mycobacterium integrated with a 
vector comprising nucleotide sequences encoding an attP sit , 
integrase and resolvase. 
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Another embodim nt: of this aspect provxdes a 
mycobacterium integrated with a v ctor c mprising nucleotide 
sequences encoding an attP sit , integrase and resolves and 
which is further transf rmed with an extrachr mosomal vector 
comprising a nucleotide sequence encoding an antibiotic 
resistance phenotype flanked by res sites. The above- 
identified group of specific mycobacteria are also preferred 
in this embodiment . 

in accordance with another aspect of the present 
invention, there is provided a prokaryote transformed with 
DNA which includes at least one DNA sequence which encodes 
immunity to a lytic bacteriophage. 

Figure 1 illustrates the plasmid pVC119 described in 
Example 1 . 

Figure 2 illustrates the plasmid pMD02 described in 
Example 1 . 

Figure 3 illustrates the plasmid pYUB12 described in 
Example 1 . 

Figure 4 illustrates the plasmid pMD30 described in 
Example 1 . 

Figure 5 illustrates the 9.5 kb Kpnl fragment described 
in Example 1. 

Figure 6 shows the nucleotide sequence of a 1.3 kb 
subsequent of the above 9.5 kb Kpnl fragment and the 183 
amino acid encoded thereby. 

Figure 7 illustrates the plasmid pMD04 described in 
Example 3. 

-5- 



BNSDOCID: <WO 9633269 A 1_l_> 



WO 96/33269 PCTAJS96/05250 

Figur 8 illustrat s the plasmid pVC118 described in 
Example 3. 

Figure 9 illustrates the plasmid pMD31 described in 
Example 3. 

Figure 10 illustrates the plasmid pZS24 described in 
Example 3 . 

Figure 11 illustrates the plasmid pMD40 described in 
Example 3 . 

Figure 12 illustrates the plasmid pMD70 described in 
Example 3 . 

Figure 13 illustrates the plasmid pMD90 described in 
Example 3 . 

Figure 14 illustrates the plasmid pMD131 described in 
Example 3. 

Figure 15 illustrates the plasmid pMD132 described in 
Example 3. 

Figure 16 illustrates the plasmid pGHS13 described in 
Example 4. 

Figure 17 illustrates the plasmid pMH5 described in 
Example 4. 

Figure 18 illustrates the plasmid pGH515 described in 
Example 4. 

Figure 19 illustrates the plasmid pGH516 described in 
Example 4 . 
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Figure 
Example 4 . 

Figure 21 illustrates th plasmid pU>2 describ d in 
Example 4 • 

Figure 22 illustrates the plasmid pMH9.4 described in 
Example 4. 

Figure 23 illustrates the plasmid pGH529 described in 
Example 4. 

Figure 24 illustrates the plasmid pGH531 described in 
Example 4 . 

Figure 25 illustrates the plasmid pMH27 described in 
Example 4. 

Figure 26 illustrates the plasmid pMH33 described in 
Example 4. 

Figure 27 illustrates the plasmid pMH35 described in 
Example 4 . 

Figure 28 shows the two singly-linked circular DNA- 
daughter molecules which result from reaction of plasmid 
pMH35 with resolvase as described in Example 4. 

Figure 29 is an autoradiograph showing a pattern of 
bands of DNA seen with kanamycin-sensitive transf onnants 
which were transformed with resolved pMH35 DNA (lanes 8 and 
9) and an additional pattern of bands in transf ormants which 
were transformed with unresolved pMH35. 
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Figur 30 illustrates the strategy for deleting an 
antibiotic resistanc gen flanked by res sites from an 
integrating v ct r using a resolvase gene present in cis in 
the v ctor. 

Figure 31 illustrates the plasmid pSLH223 described in 
Example 6 . 

Figure 32 shows cultures grown in the presence and 
absence of kanamycin to identify M.smeginatis:223 as described 
in Example 6 . 

Figure 33 shows ethidium bromide-stained agarose g 1 
columns demonstrating the detection of the resolvase gene in 
M.smegmatis: 223 as described in Example 6. 

Figure 34 shows cultures grown in the presence and 
absence of kanamycin to identify BCG:223 as described in 
Example 6 . 

Figure 35 shows ethidium bromide-stained agarose gel 
columns demonstrating the detection of the resolvase gene in 
BCG:223 as described in Example 6. 

Figure 36 shows the results of a Southern hybridization 
confirming the deletion of the Kan r gene in rBCG:223 as 
described in Example 6. 

Figure 37 illustrates the strategy for deleting an 
antibiotic resistance gene flanked by res sites from an 
integrating vector using a resolvase gene present in trans in 
the transformed host's chromosome- 

Figure 38 illustrates the plasmid pSLH211 as describ d 
in Example 6 . 
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Figure 39 illustrates the plasmid pSLlWlr -as described 
in Example 6 . 

Figur 40 shows th results of a restrict! n analysis of 
PSLH231 digested with EcoRl confirming the deletion of the 
Kan' gene from transf ormants which developed sensitivity to 
kanamycin as described in Example 6. 

Figure 41 shows the results of a restriction analysis of 
pSLH231 digested with Xhol confirming the deletion of the Kan' 
gene from transf ormants which developed sensitivity to 
kanamycin as described in Example 6. 

Figure 42 shows the expression of B,burdorferi OspA 
antigen from 21lr/BCG:223 transf ormants after Kan r deletion. 

Prokaryotes which may be transformed with DMA which 
includes at least one DNA sequence which encodes immunity to 
a lytic bacteriophage include, but are not limited to, 
bacteria. Bacteria which may be transformed include, but ar 
not limited to, mycobacteria, Actinomyces species, Norcardia 
species, Streptoroyces species, Corynebacteria species. 
Salmonella species. Vibrio species, and £. coli. In on 
embodiment, the bacterium is a mycobacterium. Mycobacteria 
which may be transformed include, but are not limited to, 
Mycobacterium bovis-BCG , M. smegraatis, M. avium, M. phlei , M. 
fortiutum, M. lufu, M. paratuberculosis , M. habana, M. 
scrofalaceum, M. leprae, and M. intracellulars In one 
embodiment, the mycobacterium is W. bovis-BCG. In another 
embodiment, the mycobacterium is M. smegmatis. 

As hereinabove stated, the prokaryote is transform d 
with DMA which includes at least one DNA sequence which 
encodes immunity to a lytic bacteriophage.*- Temperate 
bacteriophages can adopt two different life cycles. The 
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lytic cycle involves simple repr duction of viral" particles 
within a bacterial c 11, followed by lysis of th cell and 
releas of the particl s. Alternatively, temperate phages 
nter a lys genie state in which most of th viral functions 
are inactivated, and the phage genome becomes integrated into 
the bacterial chromosome. The lytic functions of the phage 
are inactivated by a transcriptional repressor. The 
repressor regulates the genes of the resident prophage, and 
also prevents the lytic cycles of any superinf ecting phages, 
thereby conferring immunity to a lytic bacteriophage. 

In one embodiment, the at least one DNA sequence encodes 
immunity to a lytic mycobacteriophage . As an illustrative 
example, mycobacteriophage L5 is a temperate phage that 
infects and lysogenizes M. smegmatls. In accord with the 
temperate nature of L5, it not only infects M. smegmatls but 
also forms stable lysogens in which the bacteriophage genome 
is integrated into the bacterial chromosome and the lytic 
functions have been inactivated (Snapper et al., Proc. Wat. 
Acad. Sci., 85:6987-6991, 1988, and Lee et al. , Proc. Nat. 
Acad. Sci., 88:3111-3115, 1991). L5 lysogens of M. smegmatls 
are immune to superinfection by L5, and also to 
superinfection by another mycobacteriophage known as 
mycobacteriophage D29. Mycobacteriophage D29 , however, is 
not a temperate phage and does not itself form lysogens. 

A gene has been isolated from the L5 genome, which 
encodes a 183 amino acid protein, which confers immunity to 
LS superinfection. This gene, which is approximately 0.6kb 
in length, is designated gene 71. As further described 
hereinbelow, this gene has been placed into an E. coll 
mycobacteria shuttle vector. The vector was then 

electroporated into M. smegma t is . Transf ormants were then 
selected by infection with bacteriophage LSc(dl)7 which is a 
variant of L5 that does not lysogenize. Therefore, the M. 
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smegma cis organisms which hav b en traMormed with the 
shuttle vector will survive the L5c(dl) infection. It is to 
b understood, howev r, that the scope of the present 
invent! n is not to be limited to immunity to L5 or any other 
mycobacteriophage superinfection, or to any specific genes 
which encode mycobacteriophage immunity, such as gene 71 of 
LS. 

In one embodiment, the DNA which transforms the 
mycobacterium includes a first DNA sequence which is a phage 
DNA portion encoding bacteriophage integration, preferably 
mycobacteriophage integration, into a mycobacterium 
chromosome, and the at least one DNA sequence which encodes 
immunity to a lytic bacteriophage. 

The term "phage DNA portion", as used herein, means that 
the DNA sequence is derived from a phage and lacks the DNA 
which is required for phage replication. 

Bacteriophages from which the phage DNA portion may be 
derived include, but are not limited to, mycobacteriophages , 
such as but not limited to the L5, LI, Bxbl and TM4 
mycobacteriophages; the lambda, phage of E.coli; the toxin 
phages of Corynebacteria; phages of Actinomycetes and 
Nocardla, the O/ C31 phage of Streptomyces ; and the P22 phage 
of Salmonella. Preferably, the phage DNA portion encodes 
mycobacteriophage integration into a mycobacterium 
chromosome . 

In a preferred embodiment, the first DNA sequence 
includes DNA encoding integrase, which is a protein that 
provides for integration of the DNA into the mycobacterial 
chromosome. Most preferably, the first DNA sequence also 
includes DNA which encodes an AttP site. 
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The DNA sequence encoding the AttP site and the 
integrase provides for an integration vent which is referred 
to as sit -specific integration. DNA containing the AttP 
sit and the integrase g ne is capable of integration into a 
corresponding AttS site of a mycobacterium chromosome. 

It is to be understood that the exact DNA sequence 
encoding the attP site may vary among different phages, and 
that the exact DMA sequence encoding the attB site may vary 
among different mycobacteria. 

The integration event results in the formation of two 
new junction sites called AttL and AttB, each of which 
contain part of each of AttP and AttB. The inserted and 
integrated DNA which includes the first DNA sequence and the 
DNA which encodes immunity to a lytic bacteriophage, is 
flanked by the AttX and AttB sites. The insertion and 
integration of the phage DNA portion results in the formation 
of a transformed mycobacterium. 

The DNA may further include a DNA sequence encoding a 
protein or polypepetide heterlogous to the mycobacterium into 
which the DNA is to be integrated. 

The DNA which encodes a protein heterologous to 
mycobacteria may be DNA which is all or a portion of a gen 
encoding protein(s) or polypeptide ( s ) of interest; DNA 
encoding a selectable marker or markers; or DNA encoding both 
a selectable marker or markers and at least one protein or 
polypeptide of interest. 

Proteins or polypeptides of interest, which may be 
encoded by such DNA include, but are not limited t , 
antigens, anti-tumor agents, enzymes, lymphokines , 
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pharmacologic agents, immunopotentiators , and reporter 
molecules of interest in a diagnostic context. 

Antig ns for which such DNA sequence may encode includ , 
but are not limited to, Mycobacterium leprae antigens; 
Mycobacterium tuberculosis antigens; Rickettsia antigens; 
malaria sporozoites and merozoites; diphtheria toxoids; 
tetanus toxoids; Clostridium antigens; Leishmania antigens; 
Salmonella antigens; Borrelia antigens; Mycobacterium 
africanum antigens; Mycobacterium intracellular antigens; 
Mycobacterium avium antigens; Treponema antigens; Pertussis 
antigens; Schistosoma antigens; Filaria antigens; Herpes 
virus antigens; influenza and parainfluenza virus antigens; 
measles virus antigens; mumps virus antigens; hepatitis 
virus antigens; Shigella antigens; Neisseria antigens; rabies 
antigens, polio virus antigens; Rift Valley Fever virus 
antigens; dengue virus antigens; measles virus antigens; 
Human Immunodeficiency Virus (HIV) antigens; respiratory 
syncytial virus (RSV) antigens; snake venom antigens; and 
Vibrio cholera antigens. Enzymes which may be encod d 
include, but are not limited to, steroid enzymes. 

Anti-tumor agents which may be encoded by such DNA 
include, but are not limited to, interf eron-a, interf eron-B, 
or interf eron-y, and tumor necrosis factor, or TNF. 
Lymphokines which may be encoded include, but are not limited 
to, interleukins 1 through 8. 

Reporter molecules which may be encoded include, but are 
not limited to, lucif erase, 0-galactosidase, ^-glucuronidase , 
and catechol dehydrogenase. 

Other peptides or proteins which may be encoded by such 
DNA sequence include, but are not limited to, those which 
encode for stress proteins, which can be administered to 
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voke an immune respons or to indue toleranc in an 
aut immun disease ( g., rheumat id arthritis). 

Th phag DMA portion of th pres nt inventi n, which 
includes the first DNA sequence encoding mycobacterium phage 
integration into a mycobacterium chromosome, the at least one 
DNA sequence encoding immunity to a lytic bacteriophage; and 
the DNA encoding at least one protein or polypeptide 
heterologous to mycobacteria, may be constructed through 
genetic engineering techniques known to those skilled in the 
art. In a preferred embodiment, the phage DNA portion may b 
a plasmid including, in addition to the DNA encoding 
integration and the DNA encoding a heterologous protein, an 
origin of replication for any of a wide variety of organisms, 
which includes, but is not limited to, r.coli, Streptomyces 
species, Bacillus species, Staphylococcus species. Shigella 
species, Salmonella species and various species of 
pneumococci. Most preferably, the plasmid includes an origin 
of replication for E.coli. 

The phage DNA portion also may include a suitable 
promoter for controlling expression of the at least one DNA 
sequence encoding a protein or. polypeptide heterologous to 
the mycobacterium. Suitable promoters include, but are not 
limited to, mycobacterial promoters such as the BCG HSP60 and 
HSP70 promoters; mycobactin promoters of «. tuberculosis and 
BCG, the superoxide dismutase promoter, the a-antig n 
promoter of M. tuberculosis and BCG, the MBP-70 promoter, th 
45 kda antigen promoter of «. tuberculosis and BCG; and th 
mycobacterial asd promoter; the mycobacterial 14 kda and 12 
kda antigen promoters; mycobacteriophage promoters such as 
the Bxbl promoter, the LI, L5, and D29 promoters, and the TM4 
promoters; E.coli promoters; or any other suitable promoter. 
The selection of a suitable promoter is deemed to be within 
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the scope of those of ordinary skill in the art from the 
teachings contained herein. 

The promoter sequenc may, in on emb diment, be part of 
an expression cassette which also includes a portion of the 
gene normally under the control of the promoter. For 
example, when a mycobacterial HSP60 or HSP70 promoter is 
employed, the expression cassette may include, in addition to 
the promoter, a portion of the gene for the HSP60 or HSP70 
protein. When the expression cassette and the at least one 
DNA sequence encoding a protein or polypeptide heterologous 
to the mycobacterium such as hereinabove described, are 
expressed, the protein expressed by the cassette and the DNA 
encoding a protein or poplypeptide heterologous to the 
mycobacterium is a fusion protein of a fragment of a 
mycobacterial protein (eg., the HSP60 or HSP70 protein), and 
the protein or polypeptide heterologous to the mycobacterium. 

in a preferred embodiment, the transcription initiation 
site, the ribosomal binding site, and the start codon, which 
provides for the initiation of the translation of mRNA, are 
each of mycobacterial origin. The stop codon, which stops 
translation of mRNA, thereby terminating synthesis of the 
protein or peptide heterologous to the mycobacterium, and the 
transcription termination site, may be of mycobacterial 
origin, or of other bacterial origin, or such stop codon and 
transcription termination site may be those of the at least 
one DNA sequence encoding a protein or polypeptide 
heterologous to the mycobacterium. 

In accordance with another embodiment, the mycobacterium 
is transformed with an expression vector including the at 
least one DNA sequence which encodes immunity to a 
bacteriophage, and a promoter selected from the class 
consisting of mycobacterial promoters and mycobacteriophag 
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promoters for controlling expression of at least one DNA 
s quence encoding a protein or polypeptide heter logous to 
th mycobaterium. Th mycobacterial and mycobact riophag 
promoters and heterologous proteins and polypeptides may be 
selected from those hereinabove described. 

The promoter sequence may also be part of an expression 
cassette which also includes a portion of the gene normally 
under the control of the promoter, as hereinabove described. 
When the expression cassette and the at least one DNA 
sequence encoding a protein or polypeptide heterologous to 
the mycobacterium, are expressed, the protein expressed by 
the cassette and the at least one DNA sequence is a fusion 
protein of a fragment of a mycobacterial protein and the 
protein or polypeptide heterologous to the mycobacterium. 

Also as hereinabove described, the transcription 
initiation site, the ribosomal binding site, and the start 
codon, which provides for the initiation of the translation 
of mRNA, may each be of mycobacterial origin. The stop 
codon, may, as hereinabove described, be of mycobacterial 
origin, or of other bacterial origin, or such stop codon and 
transcription termination site, may be those of the DNA 
encoding the at least one protein or polypeptide heterologous 
to the mycobacterium. 

in accordance with one embodiment, the vector furth r 
includes a mycobacterial origin of replication. 

In accordance with another embodiment, the vector may be 
a plasmid. The plasmid may be a non-shuttle plasmid, or may 
be a shuttle plasmid which further includes a bacterial 
origin of replication such as an B. coll origin of 
replication, a Bacillus origin of replication, a 
Staphylococcus origin of replication, a Streptomyces origin 
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of replication, or a pnetunococcal origin o£^ plication. In 
on embodiment, th shuttle plasmid includes an E. coli 
origin of r plication. 

In accordance with yet another embodiment, the vector 
may further include a multiple cloning site, and the at least 
one DNA encoding a protein or polypeptide heterologous to the 
mycobacterium sequence is inserted in the multiple cloning 
site. 

in addition to the DNA encoding immunity to a lytic 
bacteriophage, DNA encoding a heterlogous protein or 
polypeptide, and the mycobacterial promoter for controlling 
expression of the at least one DNA sequence encoding a 
heterologous protein or polypeptide, the expression vector 
may, in one embodiment, further include a DNA sequence 
encoding bacteriophage integration into a mycobacterium 
chromosome. Bacteriophages from which the DNA sequence 
encoding bacteriophage integration into a mycobacterium 
chromosome may be derived include, but are not limited to, 
those hereinabove described. Preferably, the DNA sequence 
encodes mycobacteriophage integration into a mycobacterium 
chromosome. The DNA sequence which encodes bacteriophage 
integration into a mycobacterium chromosome may include DNA 
which encodes integrase, which is a protein that provides for 
integration of the vector into the mycobacterial chromosome. 
Preferably, the DNA sequence encoding mycobacteriophag 
integration also includes DNA which encodes an attP site. 

The DNA encoding the attP site and the integrase 
provides for an integration event which is referred to as 
site-specific integration. DNA containing the attP site and 
the integrase gene is capable of integrating into a 
corresponding attfl site of a mycobacterium chromosome, as 
hereinabove described. 
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It is to b und rstood that th exact DNA sequenc 
ncoding th attP sit may vary among different phages, and 
that th exact DNA s qu nc encoding th attB sit may vary 
among diff rent mycobacteria. 

The transformed mycobacteria, which include DNA which 
includes at least one DNA sequence which encodes immunity to 
a lytic bacteriophage, and preferably a DNA sequence which 
encodes a protein or polypeptide which is heterologous t 
mycobacteria, may be utilized in the production of a vaccin 
or a therapeutic agent, depending upon the protein(s) or 
polypeptide expressed by the transformed mycobacteria. 

To form such a vaccine or therapeutic agent, the 
transformed mycobacteria are administered in conjunction with 
a suitable pharmaceutical carrier. As representativ 
examples of suitable carriers there may be mentioned: 
mineral oil, alum, synthetic polymers, etc. Vehicles for 
vaccines and therapeutic agents are well known in the art and 
the selection of a suitable vehicle is deemed to be within 
the scope of those skilled in the art from the teachings 
contained herein. The selection of a suitable vehicle is 
also dependent upon the manner in which the vaccine or 
therapeutic agent is to be administered. The vaccine or 
therapeutic agent may be in the form of an injectable dos 
and may be administered intramuscularly, intravenously, 
orally, intradermal ly, or by subcutaneous administration. 

Other means for administering the vaccine or therapeutic 
agent should be apparent to those skilled in the art from th 
teachings herein; accordingly, the scope of the invention is 
not to be limited to a particular delivery form. 

When the transformed mycobacteria are employed as a 
vaccine, such a vaccine has important advantages over other 
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pres ntly available vaccines. Mycobacteria ■ have, as 
hereinabove indicated, adjuvant pr perties among the best 
currently known and, therefor , stimulate a r cipient's 
immune system to r spond with gr at ff ectiveness . This 
aspect of the vaccine induces cell-mediated immunity and thus 
is especially useful in providing immunity against pathogens 
in cases where cell-mediated immunity appears to be critical 
for resistance. Also, mycobacteria may stimulate long-term 
memory or immunity. It thus may be possible to prime long- 
lasting T cell memory, which stimulates secondary antibody 
responses neutralizing to the infectious agent or the toxin. 
Such priming of T cell memory is useful, for example, against 
tetanus and diphtheria toxins, pertussis, malaria, influenza 
virus. Herpes virus, rabies, Rift Valley fever virus, dengue 
virus, measles virus, Human Immunodeficiency Virus (HIV), 
respiratory syncytial virus, human tumors, and snake venoms. 
Another advantage in employing mycobacteria transformed with 
the phage DNA portion of the present invention as a vaccine 
or a therapeutic agent is that mycobacteria in general have 
a large genome (i.e., approximately 3 x 10* base pairs in 
length). Because the genome is large, it is able to 
accommodate a large amount of DNA from other source ( s ) , and 
may possibly be employed to make a vaccine and/or therapeutic 
agent containing DNA sequences encoding more than one antigen 
and/or therapeutic agent. 

As hereinabove stated, it is desired that antibiotic 
markers be removed from the transformed mycobacteria prior to 
utilization of the mycobacteria in a vaccine. In one 
embodiment, a vector is constructed which includes an attP 
site, DNA encoding immunity to a bacteriophage, DNA encoding 
integrase, an antibiotic resistance marker, and directly 
oriented copies of a site which may be recognized by a 
resolvase protein. An in vitro reaction using purified 
resolvase protein resolves the vector into a catenane which 
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coraprie s two daughter molecules wBxch are serologically 
linked as singly- linked circular DNA molecules. One circle 
includes the attP site and the DNA which enc des innninity to 
a lytic bacteriophage. Th oth r circl includes the gene 
encoding integrase as well as the antibiotic resistance 
marker. This circle does not include a mycobacterial origin 
of replication. When the singly- linked circles are 
transformed into a mycobacterium, the circle containing the 
attP site artrf the gene encoding inmunity to a lytic 
bacteriophage will integrate into the mycobacterial 
chromosome. The circle which includes the gene encoding 
integrase and the antibiotic resistance marker does not 
integrate into the mycobacterial chromosome. When the 
catenane is transf ected into the mycobacterium, the catenane 
becomes a substrate for cellular DNA topoisomerase II enzyme. 
The action of the enzyme upon the cat enan e results in the 
separation of the two circular DNA molecules from each other. 
Although the integrase and the antibiotic resistance marker 
are expressed when the circular DNA molecules are first 
t rans f ected into the mycobacterium, the circle which includes 
the antibiotic resistance marker will eventually be lost 
because such circle cannot integrate, nor can the circular 
DNA molecule replicate within the mycobacterium. Thus, there 
are provided transformed mycobacteria which do not include 
antibiotic resistance markers, and may be selected through 
bacteriophage infection. 

Figure 30 generally illustrates the autocatalytic 
deletion of an antibiotic resistance gene, e.g. Kan', gene in 
cis (on the same DNA element) . An integrating vector was 
constructed that expresses resolvase under the control of a 
mycobacterial, e.g., BCG hsp60, promoter and contains the 
antibiotic resistance gene flanked by res sites, the 
substrate of resolvase activity. The plasmid also contains 
the atzP-int locus of mycobacteriophage L5 for site specific 
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ana unidirectional integration^f 



attachment anc 



unidirectional integration^f the vector into 
the unique attB sit of the mycobacterial (e.g. BCG or 
M.swegmatls) chromosome catalyzed by the int gene product 
(not shown) . This r combinati n event is diagrammed at the 
top of Figure 30. After transformation, initial selection of 
bacteria harboring the vector is made on plates containing 
the antibiotic corresponding to the resistance gene. The 
genomic structure of the resistant transf ormants is 
diagrammed in the middle of Figure 30. Kanamycin resistant 
colonies are picked and then passaged without antibiotic 
selection. Resolvase acts on the res sites to excise the 
resistance gene, thereby deleting the antibiotic resistanc 
marker. Release of antibiotic selection allows isolation of 
these antibiotic sensitive recombinants. The genomic 
structure of these antibiotic recombinants is diagrammed at 
the bottom of Figure 30. 

Figure 37 illustrates the flexibility of the res- 
resolvase system of the invention. This system promotes 
autocatalytic deletion of marker genes even when the targets 
of resolvase action (flanked by res sites) are on a different 
DNA element (active in trans) not just on the same DNA 
element as described with reference to Figure 30. Resolvas 
expressed after stable host chromosomal integration of its 
gene can act in trans to remove an antibiotic resistance gene 
from extrachromosomally replicating plasmids. For example. 
pSLH 231 (Figure 39) was constructed and transformed into M. 
smegma tis; 22 3 and pSLH 21lr (Figure 39) was constructed and 
transformed into BCG: 223 (diagrammed at the top of Figure 
37) . In addition to the Kan' gene flanked by res sites, thes 
vectors contain a second marker gene. pS£H 231 contains a 
second resistance marker for hygromycin (Hyg*) , and pSLH 21ir 
carries the gene for the antigen (Ag) OspA from Borrelia 
burgdorferi. The vectors pSLH and 21lr do not integrate. 
After transformation, colonies were selected by growing in 
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the presence of kanamycin . The genomic structure of these 
Kan' transformants is diagrammed in the m i ddl e of Pigure 37. 
M. smegma tls colonies were picked and passaged in media 
containing hydromycin. but without kanamycin. BCG 
transformants were picked and passaged without antibiotic 
selection. Resolvase acts on the res sites to excise the Kan' 
gene from the plasmids, thereby deleting this antibiotic 
resistance marker. The release of kanamycin selection allows 
isolation of Kan* recombinants. The genomic structure f 
these Kan* recombinants is diagrammed at the bottom of Pigure 
37. The plasmid replicon i6 maintained in the cell for many 
generations in the absence of antibiotic selection allowing 
for confirmation of the presence of the second marker gene 
<Ag or Hyg*) . rBCG:223 pSLH 211rAKan is one example of a BCG 
recombinant expressing a foreign antigen (OspA) and lacking 
a foreign antibiotic resistance gene. 

Although the present invention has been described in 
detail with respect to mycobacteria, it is to be understood 
that within the scope of the present invention that 
prokaryotes other than mycobacteria may be transformed with 
the vector of the invention, and preferably also with DNA 
encoding a protein or polypeptide which is heterologous to 
the prokaryote. 

The invention will now be described with respect to the 
following examples; however, the scope of the present 
invention is not intended to be limited thereby. 

— FT ^ f * h « *— a * " «raferiannunitv 

Recomb inan t plasmids were constructed that contain d 
segments of the mycobacteriophage L5 genome insexted int an 
E. coli -mycobacterial shuttle vector known as pMD30. pMD30 
is a derivative of pDCL19 modified such that it may replicat 
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in both E. coli and myc bacteria, and it contains the aph 
kanamycin resistanc gene. pMD30 was constructed by 
inserting the 1 kb HindHI fragment from pKD43 (Derbyshire et 
al., Proc. Wat. Acad. Sci. , 84:8049-8053, (1987)) containing 
the aph gene into the Seal site of pUC119 (Figure 1) to make 
pMD02. (Figure 2). pMD02 was then cleaved with Xmnl and the 
Hpal-EcoRV fragment containing ori M from pYUB12 (Figure 3, 
obtained from Dr. William Jacobs) was inserted. The 
resulting plasmid is pMD30 (Figure 4). One recombinant 
plasmid, which contained a 9.5kb Kpnl fragment (Figure 5), 
conferred immuity to L5 superinfection by wild-type L5 phage 
in M. smegmatis. Further analysis of this 9.5kb Kpnl 
fragment showed that a smaller segment, about 1.3kb in length 
(Figure 6), and including a gene encoding a 183 amino acid 
protein, conferred this phenotype, and that the 183 amino 
acid protein expressed by this 1.3kb fragment was 
responsible. The gene encoding this 183 amino acid protein 
is referred to as gene 71. Gene 71 is located from 
nucleotide position 44,882 to nucleotide position 44,331 in 
the L5 genome. 

j f olat Ion of elaar pl»yi« derivatives of L5 

Clear plaque derivatives were isolated as spontaneous 
mutants that formed clear plaques on bacterial lawns, as 
opposed to the turbid plaques of the wild-type 
mycobacteriophage L5. Clear plaques indicate those cells 
which were killed by L5 infection and therefore cannot form 
lysogens. One of these derivatives, designated L5c(dl), was 
found to contain a small deletion of the L5 genome, including 
part of gene 71, by restriction enzyme digestion with Bgl II. 
Bacterial survivors of an L5c(dl) infection of M. smegmatis 
occur at a frequency of about 10 - *. 
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A. Construct of plaamids including gene 71 
Recombinant plasmids w re constructed in which th 1 . 3kb 
fragment of th L5 genom which contains gen 71 is inserted 
into an E. coli-mycomycobacterial shuttle vector. The 
construction of plasmids containing smaller segments of the 
9.5kb Kpnl fragment until a plasmid was constructed which 
included the 1.3kb fragment of the L5 genome containing gen 
71 was as follows: 

pMD04 (Figure 7) was made by inserting the Hindi 1 1 
fragment (with blunt ends generated by Klenow) from pKD43 
containing the kanamycin resistance gene and inserting such 
fragment into the Seal site of pUC118. (Figure 8). 

pMD31 (Figure 9) was then constructed by isolating the 
Hpal-EcoRV fragment from pYUB12 (Figure 3 provided by Dr. 
William Jacobs), and inserting it into the Xmnl site of 
pMD04. pMD31 is a shuttle vector which may replicate in both 
E. coll and M. smegma t as , and contains a kanamycin resistance 
gene for selection in both bacterial species. 

pZS24 (Figure 10) contains the 9.5kb Kpnl fragment of 
phage L5 inserted into the Kpnl site of pDC119 (Figure 1). 
pZS24 was constructed by gel purification of the 9.5kb 
fragment and ligating into the Kpnl site of pUC119. The 
9.5kb Kpnl fragment of pZS24 was then isolated; and inserted 
into the Kpnl site of pMD31 to make pMD40 (Figure 11). Th 
SnaBI-PstI 2kb fragment of pMD40 was then isolated with blunt 
ends and inserted into the blunted Xbal site of pMD31 to form 
pMD70 (Figure 12). The BamHI-PstI 2kb fragment is isolated 
from pMD70 and inserted into pOCUB cut with BamHI and PstI 
to form pMD90 (Figure 13). pMD90 is digested with Sail, 
which cuts twice, and then religated to form pMD131. (Figur 
14). A 1.3kb BamHI-PstI fragment is removed from pMD131, and 

-24- 



BNSDOCID <WO 9633269A1_I_> 



PCT/US96/05250 

WO 96/33269 



^ ut octi Bite of pMD3^to -make pMD132 

_„____J into the BamHI-Pstl site P 

.,. TheB piasmids also carry tn «p * 
<P ig ure 13). Thes * ^ Nigel Grindlc y of Yale 

TH903 (provid d by K. ™** ^ kanainy cin, and an 

University) that confers resistanc 
coli origin of replication. 

!t Z*\*A's r *ttL rf p^Sfn" °* 8 p" 070 were then 

Plasmid 6 £rtMn P according to the procedure 

electroporated into M. sn.eg-.-tiS, acco ^ selected 

of Snapper et al. (1988), "*"™*°™^ Zs^ or as 
either by *anamycin selection ^ L5c(dl) 

survivors of a phage infection. pha 9 e £ 10 

with a multiplicity of ^ ^8, (i.e. , 10 

according to the procedure of Snapp er et -1 . d > ^ 
pnage particles to each bacterial ^> * ^ 
r( , coverv from electroporation, efficiency 
recovery » pla smid-transf ormed cells, 

transformed cells, but no y determined — 

transf onnantc • 

CU. prior cc -"fSTLJ^ cubated for 1 hour in 
p7UB12 ( PMB70, or without DMA. an „ electabl e g.n.c. 

bro th to alio. ^«.«on of ^ . t 
Transf ormants were selected extner 
al., 1988) or by phage D29 infection. 

TOe procedure -o» r . " --hot 

D29 phage. -«re added to «. ^ , his i8 

the multiplicity of infection we. eoo 

,_ _ , „ uiaoue forming unite (pfu) or pnog 

typically about ♦ x 10 ^plaque ^ the bacteria by 

The phages were allowed to entire sample was 

incubation at 37-C for 30 minutes. The entire samp 
then plated onto solid media. 



10 
10 
of 
non- 
The 
to be 



-25- 



BNSDOCID <WO 9633269A1J_> 



WO 96/33269 PCT/US96/05250 

From s veral ind p ndent experiments carri d out as 
her inabov d scribed, it was found that spontaneous D29 
resistant mutants (from n n-transform d mycobacteria or 
mycobacteria . transformed with pYUB12> occur at a higher 
frequency (about 1-10 transf ormants/ug DNA) than 
nontransformed kamamycin resistant mutants wherein almost no 
transformants were detected. Such spontaneous D29 resistant 
mutants were found, after purification, to be resistant to 
both D29 and LS but sensitive to heteroimmune 
mycobacteriophages such as TM4, thus indicating that Buch 
colonies are true 02 9 resistant derivatives. Also, as 
expected, the majority of pMD70 D29-selected transformants 
are also kanamycin resistant (of 148 colonies in on 
experiment and 37 in another, all were kanamycin resistant). 

in this example, the integrating vector containing gen 
71 is pMH35, the construction of which is detailed as 
follows: 

PNG199 (obtained from Dr. Nigel Grindley) is a plasmid 
that contains multiple copies of a res site of transposon 
inserted into a pUC vector. When two res sites are directly 
oriented, such sites encode an active site for resolvase 
which resolves plasmids into singly-linked catenanes. A 
Pvull (130 bp) fragment of pNG199, containing the res site, 
was purified and inserted into the vector pUC118 (Fig. 8) at 
the Smal site. The resulting plasmid is pGH513 (Figure 16). 

pMH5 (Figure 17), which contains the mycobacteriophage 
L5 attP site was digested with BamHI and Sail, and the 613 bp 
fragment containing the L5 attP site was inserted between the 
BamHI and Sail sites of pGH513 to form pGHSIS (Figure 18). 
PGH515 thus contains a single res site and an attP site. 
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Tl- <- d with BamHI and pvull (Figure 18), 
PGH515 was dxg st d wxtn » int ge „ e of 

and a 1.2 *> f ^ n \; 8 X; ^o Asp718site f 

n.yc bacteriophag , LS was tne attP 

PGH515 to form pGH516. (Fxgu geparated by a single res 

site and int gene of L.5, 

site. 

. * «« Dr Migel Grindley), P« G1 " 

PGH318 (obtained fro* Dr. M & ^ ^ of 

U a plasmid that contains P vector . ^318 was 
transposon 6 inserted xn ^ containing tne res 

digested with EcoRI, and a 13 ^ ^ ^ to £os . 

.it. was * conta ins the attP site and int 

PGH519. (Figure 20). pGHSl ^ ^ 

gene of L5 plus two res ^ ^ ^ 

orientation. It was found th expreB6ed in mycobacteria, 
that contains the xnt gene ^ upBtre am sequences 

Therefore, it was ^"^^i^ sequence) required for 

wi th the ^- C %^ e - 6 ach P ieved as follows: 
int expression. Tnxs w« 

derived from P MH9.4 (Figure 22 - 
P LP2 (Figure 21) was ^ 

Lee et al. , F*S. "« 3111 -*"*' £ end6 with Klenow, and 
Hdel and Xbal, blunt ^J£*~ -«P site, but has a 

religation. P LP2 thus has a defectx 

functional xnt gene. 

M , waB derived by digesting P MH9.4 
PGH529 (Fxgure 23) wa religatin g. pGH529 has 

(Piqure 22) by cuttxng gene ie non -f unctional . 

a functional -ttP sxte, but the . * J ^ 1680 

PGH531 (Figure 24) was ^J?Zm*J 21) to the 5062 bp 
bp A s P 718-SalI fragment fr-P»2 ^ pGH531 wafl 

A s P 718-SalI fragment from pGH52 ^ bp Bglll - Sac i 

Tfrom P^l'was Verted 'into the Bgl«-Sacl piec 
fragment from pens a x 

of PGH519 to form P MH27 (Figure 25). 
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pMH27 was then pened at the Smal 6ite and an aph 
kanamycin r sistanc caesett fr m pRD4 3 was inserted. Th 
resulting plasmid is called pMH33 (Figure 26). 

pMH33 was then cut with Dral, and a Hindi 1 1 - Bam HI 
fragment (1.3 kb) from pMD131 (Figure 14) that contains gene 
71 was inserted to form pMH35 (Figure 27). 

Thus, pMH35 includes an attP site, an integrase (int) 
gene, gene 71, and a gene encoding kanamycin resistance (aph 
gene). pMH35 is efficiently transformed through 

electroporation into M. smegmatis, and trans formants can be 
selected by either L5c(dl) infection or by kanamycin 
selection. 

Because it is desirable in the final construction step 
of vaccine development that antibiotic resistance markers be 
removed, a method for removing such markers was developed. 
A cointegrate molecule was constructed which contains two 
directly oriented copies of the res site derived from 
transposon 6 . (Hatfull et al. , "Reeolvases and DNA- 
invertases: A Family of Enzymes Active in Site-Specific 
Recombination," Genetic Recombination, Kucherlapatti and 
Smith, eds., ASM Press (1988)). Such directly oriented 
copies of the res site are contained in pMH35. An in vitro 
reaction using purified resolvase protein resolves the 
cointegrate pMH35 into two daughter molecules which are 
topologically linked as singly-linked circular DNA molecules 
(Figure 28.) (according to the procedure of Hatfull et al., 
Proc. Nat. Acad. Sci., 83 1 5429-5433 (1986)). One of the 
daughter molecules contains the L5 attP site and gene 71, and 
the other daughter molecule contains the Int gene and the aph 
( kanainycin resistance ) gene . 
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M. smegmatis wee then transformed by electroporation 
(Snapper, et al. (1988)) with P MH35 which had been r solved 
Into tii circular DNA m lecules as hereinab ve descrxbed. 
Transformants. selected by L5c(dl) inf ction occurred at an 
approximately 10-fold higher frequency than those selected 
with kanamycin according to the procedure of Snapper et al 
(1 988>. Also, 83% of the phage-s elected transf ormants 
containing the resolved P MH35 were kanamycin sensitive, thus 
indicating that the circular DNA molecules carrying the ant 
gene and apt gene, but lacking an attP site and a 
mycobacterial origin of replication had been lost. Thxs was 
determined by the following hybridization study: 

M. smegmatis strain mc*155 was transformed with P MH9.4 
( as a control), P MH35 (unresolved), or P MH35 resolved with 
purified resolvase in vitro- 

Organisms transformed with P MH9.4 were selected with 
kanamycin, and organisms transformed with pMH35 (exther 
reeved or unresolved) were selected for L5c(dl) resxstance 
Transformants were then selected for Bensxtxvxty or 
resistance to kanamycin by patch plating. All pMH9.4 and 
resolved pMH35 transformants were resistant to kanamycxn^ 
H% of the transformants which were transformed wxth resolved 
PMH35 were sensitive to kanamycin and the remainder ^ wer e 
resistant. The kanamycin resistant transformants (17% of the 

^ * small population of organxsms 
population) may be a smaxi P°P UA 

transformed with P MH35 which had not been resolved. 

DNA from: (a) two separate H. smegmatis mc>155 non- 
transformed organisms; (b) two separate M. smegmatis mc>155 
organisms transformed with P MH9.4; (C two separate M 
smegmatis mClSB organisms transformed wxth unresolved pMH35^ 
( d) two separate M. smegmatis mc>155 organisms transformed 
with resolved P MH35; and (e) two separate «. smegmatxs mCl55 
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organisms from th 17% of th transformed cell culture 
hereinabove described which included transf ormants that were 
transformed with res lv d pMH35; however, these organisms 
were transformed with pMH35 DNA which was not resolved. 

The DMAs were cut with BamHI and Sepl , and 
electrophoresed on a standard 1% agarose gel. The DNAs were 
then transferred to nitrocellulose and hybridized with 
radiolabeled DMA. The autoradiograph of the nitrocellulose 
filter (Figure 29) indicates that the pattern of bands seen 
with the kanamycin-sensitive transformants which wer 
transformed with resolved pMH35 DMA (lanes 8 and 9) is 
consistent with these transformants arising from the expected 
products of in vitro resolution of pMH35. Additional bands 
are also present in the DNA from the organisms that wer 
selected with L5c<dl), as shown in lanes 6 through 11. The 
sizes of these bands are consistent with their arising from 
a resident L5c(dl) prophage. Thus such organisms are L5 
lysogens . 

Lanes 6, 7, 10, and 11 include five bands which are not 
present in lanes 8 and 9. These bands may correspond to 
elements present (such as kanamycin resistance) in unresolv d 
PMH35, but are lost after resolution of pMH35 into two 
singly-linked circular DNA portions. 



Q f nMHIS in BCQ uaiM bp a selecting 



BCG organisms were electroporated with pMH35. Following 
a 3 hr. expression period, the organisms were plated on 7H9 
media containing ADC enrichment and 10'° D29 phages. After 3 
weeks incubation, BCG colonies immune to D29 infection wer 
found in an amount of 10* colony forming units per jig of DNA. 
No colonies were found for BCG transformed with a contr 1 
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vector pMV261, (Stover et al. , Nature, J5I:756-460 (June 6, 
1991)) which does n t includ DNA enc ding phage immunity. 

Example 6 

m vivo Deletion of Antibio tic tesistance Markers from 
MveaiMrterium gmgonatis and M. bovjs using T 6 Resolvase 
Drug selection is not required for immunogenicity of 
foreign antigens delivered by rBCG, and presence of these 
markers presents a safety concern for rBCG use in humans. 
Self-catalyzed deletion of drug markers by site-specific DNA 
recombinases ha6 been shown to be effective in the 
construction of genetically engineered crop plants 
(Goldsbrough et al., Biotechnology, 11:1286, 1993,) but no 
system similar to this has been applied to live vaccine 
vehicles. This example demonstrates a strategy to 

spontaneously delete the Kan' gene from rBCG in a directed 
fashion using 76 resolvase. 

An integrating vector, pSLH223 (Figure 31), was 
constructed which expresses resolvase under the control of 
the BCG hsp60 promoter, and contains the Kan r gene flanked by 
res sites, the substrates for resolvase activity. This 
system was tested in both fast-growing M. smegma tis and BCG. 
Initial selection after transformation was made on plates in 
the presence of kanamycin. Colonies were picked and passaged 
in medium without kanamycin and plated on medium with and 
without kanamycin. One third of the M. smegma tis and 
approximately 25% of the BCG transf ormants were found to be 
sensitive to kanamycin indicating the loss of Kan' gene. To 
determine if resolvase can function in trans a plasmid that 
replicates extrachromosomally in mycobacteria, pSLH231, was 
constructed containing, in addition to the Kan' gene flanked 
by res sites, a second hygromycin resistance marker. The 
experiments reported here show that resolvase integrated into 
the chromosome, and functional in cis, can also be functional 
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for the deletion of Kan r gene in trans." This versatile system 
for the directed deletion of drug resistance markers from 
rBCG eliminates the safety c ncern regarding such markers in 
this live vaccine vehicle, and is likewise applicable to 
other live recombinant vaccine organisms. 

Integrating Vector fo r Autocatalvtic Deletion of Kan f in cis 
An integrating vector pSLH 223 was constructed and 
expresses resolvase under the control of the BOG hsp60 
promoter and contains the Kan r promoter and contains the Ran' 
fl ank ed by the res sites , the substrate of resolvase 
activity. The plasmid also contains the attP-lnt locus of 
mycobacteriophage L5 promoting the unidirectional integration 
into the attfl site. After transformation, initial selection 
of bacteria harboring the plasmid was made on plat s 
containing kanamycin. Kanamycin resistant colonies were 
picked and then passaged without antibiotic selection. 
Resolvase acts on the res sites to excise the Kan r gen , 
thereby deleting the antibiotic resistance marker. Release 
of kanamycin selection allows isolation of these Kan' 
recombinants . 

Trigrtr.if ication of recombinant M. s meamatls : 223 

Referring to Figure 32, twenty-four Kan r colonies, 
isolated after transformation and kanamycin selection, were 
grown and passaged in Dubos-ADC media without kanamycin. 
Samples (5jil) from each passage were spotted in duplicate on 
Middlebrook - ADC plates with and without kanamycin. One third 
of the sanples developed sensitivity to kanamycin after four 
passages consistent with the deletion of Kan r gene. Pour 
samples were re-grown and plated for single colony isolation. 
Twenty-four colonies from each of the four samples were again 
tested for s ens itivity to kanamycin. 100% of the subclones 
were sensitive to kanamycin (data not shown) . 
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nf»r. crr-inn of rMPiv gene in recombinant ffT ffirregmfltiff.' 223 

Referring to Figur 33, PCR was p rfonoed with genomic 
DNA isolat d f r m four M. smegmatis:223 transformants (lanes 
B-E), pSLH17 4. plasmid (identical to pSLH223 except that th 
Kan' gene is not flanked by res sites, lanes F) , or no DNA 
(lane 6) and reeolvase-specif ic primers. A sample (lOyl) of 
each reaction was analyzed on a 1% agarose gel containing 
ethidium bromide. As shown in Figure 33, a single band (600 
bp) was detected in lanes B-F indicating the presence of the 
resolvase gene. Molecular size markers (1 kb ladder, BRL) 
are present in lanes A and H. 

Tdentification of recombinant BCG;223 

Referring to Figure 34, twenty-four Kan' colonies, 
isolated after transformation and kanamycin selection, were 
grown and passaged in Dubos-ADC media without kanamycin. 
Eleven stable transf ormants survived after four passages. 
Samples (5>/l) from each passage were spotted on Middlebrook- 
ADC plates with and without kanamycin. Four of th 
transformants developed sensitivity to kanamycin consistent 
with the deletion of the Kan* gene. 

Detection of resolv a se gene in recombinant BCG;223 

Referring to Figure 35, PCR was performed with genomic 
DNA isolated from two rBCG:223 transformants (lanes B and C), 
non-recombinant BCG genomic DNA (Pasteur substrain, lane d) , 
pSLH 174 plasmid (identical to pSLH 223 except that Kan' gen 
is not flanked by res sites, lane E), or no DNA (lane F) and 
resolvase-specif ic primers. A sample (lOfil) of each reaction 
was analyzed on a 1% agarose gel containing ethidium bromide. 
A single band (-600 bp) was detected in lanes B, C and E 
indicating the presence of the resolvase gene. Molecular 
size markers (1 kb ladder, BRL) are present in lanes A and G. 
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Ca niiaBasigp °f Kan! " " e deletion m v tbcg:?,?? by southern 

Referring to Figure 36, genomic DNA isolat d from two 
BCG:223 transiormants and BCG:162 was digested with EcoR I, 
Hind III, Kpn I and Pst I, separated on a 1% agarose gel, and 
transferred onto Nylon membrane (Boehringer Mannheim) . 
BCG:162 harbors an integrated plasmid containing the Kan' gene 
that is not flanked by res sites (positive control) . The Kan r 
gene cassette labeled with DIG (digoxigenin-ll-UTP) was used 
as a probe for hybridization. The absence of DNA bands in 
the BCG:223 samples indicates the deletion of Kan' gene. 

Deletion of Kan ' gene in trans 

To determine if resolvase expressed after chromosomal 
integration can act in trans to remove the Kan' gene from 
extrachromosomally replicating plasmids, pSLH 231 (Figure 38) 
and pSLH 211r (Figure 39) were constructed and transformed 
into M. smegmatis: 223 and BCG:223. In addition to the Kan' 
gene flanked by res sites, the vectors contain a second 
marker gene. pSLH 231 contains a second hygromycin 
resistance marker, and pSLH 211r carries the gene for 
lipoprotein OspA from Borrelia burgdorferi. After 
transformation, colonies were selected by growing in the 
presence of kanamycin. M. smegma tis colonies were picked and 
passaged in media containing hygromycin but without 
kanamycin. BCG transformants were picked and passaged 
without antibiotic selection. Resolvase acts on the res 
sites to excise the Kan r gene from the plasmids, thereby 
deleting the antibiotic resistance marker. The absence of 
kenamycin selection allows isolation of Kan' recombinants. 

p.. g ^-ifTt,i 0 n anal v «ns o* oSLH 731 from 731 4L smegmatis : 22? 
transfomantB _ 

Plasmid DNA isolated from four Hyg\ Kan' and four Hyg', 
Kan' colonies of 231/M. smegmatis: 223 transformants was used 
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to transform E.' coli ( DH5a ) f r plasmid^unplif ication. 
Plasmid DNA was is lated and digest, d with either EcoR I 
(Figure 40) or Xho I (Figure 41). Restriction analysis 
c nfirmed th del tion of the Ran' gene fr m the transf rmants 
which developed sensitivity to kanamycin. 

Repression of norrelia burgdorferi OspA antigen tXSEL 

?nr/HCG:223 transf or wmts after Ran' deletion 

Referring to Figure 42, eight colonies, isolated after 
transformation and kanamycin selection, were grown in Dubos- 
ADC media without kanamycin. Lysates were prepared from non- 
recombinant BCG (Pasteur, lane A) and the transf o rmants for 
Western analysis to detect the expression of OspA. Two of 
the samples which expressed OspA antigen (lanes B and C) but 
were still resistant to kanamycin were passaged again in 
media without kanamycin. Lysates from the same transf ormants 
which developed sensitivity to kanamycin after passage 4 (>20 
generations) were analyzed again for the expression of OspA 
by Western blotting (lanes D and E) . Sizes of molecular 
weight standards (Rainbow markers, Amersham) are indicated on 
the right. Detection of OspA antigen in lanes D and E 
indicates that pSLH 211r is stable in BCG without kanamycin 
selection up to a minimum of 20 generations. 

Discussion 

In summary, we have shown that the res-resolvase system 
functions effectively to delete the Ran r marker gene from 
recombinant M. smegma tis and BCG after the initial antibiotic 
selection. Resolvase was effective at deleting res-flanked 
DMA both in cis and in trans. We are currently working to 
optimize expression of foreign antigens from res-resolvase 
integrating vectors in rBCG, including the development of 
stronger promoters than those used in mycobacterial vectors 
to date. We have recently shown, and reported here, that 
high-level expression from an extrachromosomal res-resolvase 
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vector system is also f easibl , and w5l continue to monitor 
th in vitro and in vivo stability of this expr ssion vect r 
now fre of drug markers. 

It is to be understood, however, that the scope of the 
present invention is not to be limited to the specific 
embodiments described above. The invention may be practiced 
other than as particularly described and still be within the 
scope of the accompanying claims. 
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1 # A vector comprising a nucl otid sequence encoding 
an antibiotic- resistance phenotype flank d by res sites. 

2. The vector of claim 1 which further comprises a 
nucleotide sequence encoding an attP site and a nucleotide 
sequence encoding integrase. 

3. The vector of claim 1 which further comprises a 
nucleotide sequence encoding resolvase. 

4. The vector of claim 3 wherein the resolvase is 
>6resolvase. 

5. The vector of claim 3 which further comprises a 
promoter controlling the transcription of the resolvase 
coding sequence • 

6. The vector of claim 5 wherein the promoter is a 
mycobacterial promoter. 

1. The vector of claim 6 wherein the mycobacterial 
promoter is a heat shock promoter. 

8- The vector of claim 1 which further comprises a 
nucleotide sequence encoding a heterologous antigen. 

9. A vector comprising nucleotide sequences encoding 
an attP site, integrrase and resolvase. 

10. A prokaryote transformed with the vector of claim 
1 and which expresses resolvase. 
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11. The prokaryote of claim 10 which' is a 
mycobacterium. 

12. The mycobact rium of claim 11 which has an attB 
site-containing chromosome. 

13. The mycobacterium of claim 11 which is selected 
from the group consisting of Mycobacterium bovis-BCG, M. 
smegmatis, M. avium, M. phlei, M. fortuitum, «. lufu, M. 
paratuberculosis , M. habana, W. scrofalaceum, M. leprae, and 
M. intracellular. 

14. The prokaryote of claim 10 which expresses 
•yfiresolvase . 

15. The prokaryote of claim 11 which is a 
mycobacterium . 

16. The mycobacterium of claim 15 which has an attB 
site-containing chromosome . 

17. The mycobacterium of claim 15 which is selected 
from the group consisting of Mycobacterium bovis-BCG, M. 
smegmatis, M. avium, M. phlei, M. fortuitum, M. lufu, «. 
paratuberculosis, M. habana, M. scrofalaceum, M. leprae, and 
M. intracellulars 

18. A mycobacterium integrated with the vector of 
claim 9 . 

19. A mycobacterium integrated with the vector of claim 
9 and which is further transformed with an extrachromosomal 
vector comprising a nucleotide sequence encoding an 
antibiotic resistance phenotype flanked by res sites. 
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20. The mycobacteria* of claim 19 "eh is selected 
from the group consisting of Mycobacterium bovzs-BCG, M. 
smegmatis, M. avium, M. phlei, M. fortuitum, M. lufu, M. 
para tuberculosis, M. babana, M. scrofalaceum, M. leprae, and 
M. intracellular . 
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Deletion of Kan r Gene in cis 
Figure 30 
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Probe: Kan r labelled with DIG (dlgoxlgenin-11-UTP) 

Figure 36 
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